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Introduction

 The ammonia-water system has many applications in industrial processes and environmental systems. For this reason, its behavior has been the interest subject. Ammonia in aqueous phase and it is difficult to describe in an weak electrolyte. To overcome this difficulty, typically, the pH of the solution is adjusted to approximately 11 in order to convert the majority of ammonium ions to molecular ammonia. Several authors suggested adding additives, for example sodium hydroxide or potassium hydroxide to the ammonia – water system to increase the pH of the solution [1]. This research provides the experimental method for sodium hydroxide-ammonia-water system at low temperature and the prediction method from activity model which is a unified and predictive model for mixed electrolyte, aqueous mixed-solvent systems using parameters for ions and solvents. It could be applied to other mixture systems consisted of strong and weak electrolytes. 

Theory

 Mixed electrolyte system is difficult to estimate the behavior of vapor liquid equilibrium. The ammonia-water-sodium hydroxide system has ammonium ions, sodium ions, hydroxide ions, ammonia molecules and water molecules in liquid phase and ammonia molecules and water molecules in gas phase. There are no sodium hydroxides in gas phase and sodium hydroxides are fully ionized. In addition, ammonia could be assumed as not electrolyte species but solvent species because of sodium hydroxide.
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The gamma-phi method for molecular species is used to describe vapor liquid equilibrium.  

                                                               (1)

The fugacity coefficients are calculated by the equation of state. In this system, the virial equation of state for mixture can be used because pressures of the system are low or moderate [2]. The activity coefficients can be given by a unified and predictive model for mixed-electrolyte, aqueous mixed-solvent systems using parameters for ions and solvents [3]. Pure parameters for ammonia are determined from vapor-liquid data. Pure parameters for water are found in the literature [1]. For ammonia-sodium hydroxide-water mixture parameters are fitted with vapor liquid equilibrium data.

Experiments

The methods for the direct determination of equilibrium can be classified the most part into the following groups – distillation method, circulation method, static method, dew and bubble point method, and flow method [4]. Experiments of VLE in the ammonia-water system are performed using static method because the boiling point of ammonia is much lower than that of water [5]. If ammonia in gas phase are liquefied to measure concentration, water would be frozen. It is impossible to analysis concentration. 

A schematic diagram of the experiment is described in Fig.1. It is consisted of the static equilibrium cell and the four-way valve. The equilibrium cell is made of glasses and holds both the liquid and the vapor phase and the vapor phases at a given temperature and pressure. The four-way valve is also made of glasses and connected to two tubes linking with the gas chromatography for taking a sample for analysis of concentration in gas phase. A diagram of the four-way valve is presented in Fig.2. Helium gas is entered and went out at the point 1 and 2. The each point 3 and 4 is connected to a vacuum pump and an equilibrium cell.     

The temperature is measured with a thermometer (Model 08502-16, Cole-Parmer Instrument Company) with an uncertainty of (0.1%FS. The pressure is measured with a high-precision pressure transducer (Model PSH, Sensor System Thchnology Co., LTD) with an uncertainty of (0.15%FS at pressures up to 2 bar. The concentration in gas phase is measured with the chromatograph (Model TCD 580, Gow-mac) with a Porapak N column (Model VDP-DVB, Alltech). The concentration in liquid phase is analyzed by back-titration and also measured with a ammonia electrode (Model 95-12 BN, Orion®). 

Isothermal measurements are performed as follows. When the temperature is stabilized the evacuated equilibrium cell is filled with a solution of mixture made of degassed water, ammonia water (Duksan Pure Chemical Co., LTD, purity, >25 mass % NH3) and sodium hydroxide pellets (Shinyo Pure Chemicals Co., LTD, purity, >96 mass % NaOH). When the pressure in the cell is constant for more than 1 hour, the system is assumed as an equilibrium state. Then the sample of the gas phase is entered into the gas chromatography using the four-way valve.  

Result and Conclusion

As ammonia is assumed as solvent species, pure parameters and binary parameter for ammonia fitted with the Thomas’ data [6]. In the fitting works, the error of pressure is minimized. The size parameter for ammonia is 2.934 and the interaction potential parameter is 4.488. The pure parameters for water are 2.500 and 2.602 which are same value which adjusted in other research [3]. The binary parameter is –0.1667. The comparison between the experimental value and the calculated value is given in Fig3 and Table 1.

Some experimental results of this research are given in Fig4. A solid line presents the predictive values calculated with above parameters and square points are results in this experiment. these results shows that the experimental method can be regarded as appropriate. A unified and predictive model for mixed-electrolyte, aqueous mixed-solvent systems using parameters for ions and solvents is able to apply to ammonia-sodium hydroxide-water system.

With more experimental data, the mixture parameters for an ammonia-sodium hydroxide-water mixture would be obtained and we could predict the equilibrium behavior for electrolyte in mixed solvent. 
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Fig.1. A schematic diagram of the experiments      Fig.2. Four-way valve

Table1. Comparison of the experimental value and the estimated value from a unified and predictive model for mixed electrolyte, aqueous mixed-solvent systems using parameters for ions and solvents.

	P (exp)
	x1 (exp)
	y1(exp)
	P(cal)
	y1(cal)
	P (exp)
	x1 (exp)
	y1(exp)
	P(cal)
	y1(cal)

	0.1162
	0.097
	0.826
	0.095
	0.7682
	0.3047
	0.2021
	0.9466
	0.3192
	0.94

	0.125
	0.1042
	0.841
	0.1048
	0.7914
	0.3046
	0.2021
	0.9466
	0.3192
	0.94

	0.1899
	0.1492
	0.9059
	0.1834
	0.8871
	0.3138
	0.2021
	0.9466
	0.3192
	0.94

	0.194
	0.1492
	0.9059
	0.1834
	0.8871
	0.4692
	0.2544
	0.9687
	0.5047
	0.965

	0.1928
	0.1497
	0.9064
	0.1845
	0.8878
	0.4692
	0.2544
	0.9687
	0.5047
	0.965

	0.1947
	0.1497
	0.9064
	0.1845
	0.8878
	0.667
	0.3008
	0.9802
	0.7145
	0.977

	0.2113
	0.1601
	0.9166
	0.2074
	0.9016
	0.6795
	0.3019
	0.9804
	0.72
	0.978

	0.2148
	0.1601
	0.9166
	0.2074
	0.9016
	0.6783
	0.3019
	0.9804
	0.72
	0.978

	0.2935
	0.1996
	0.9452
	0.3117
	0.9382
	1.3371
	0.3981
	0.9922
	1.2965
	0.99

	0.2948
	0.1996
	0.9452
	0.3117
	0.9382
	1.3373
	0.3981
	0.9922
	1.2965
	0.99
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Fig.3. The comparison of the experimental value and the estimated value
� EMBED Equation.3  ���











화학공학의 이론과 응용 제8권 제1호 2002년


[image: image4.wmf]P

y

f

x

i

i

i

i

i

f

g

ˆ

=

_1075979335.unknown

_1075762534.unknown

